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ASPHERICAL MICROLENS ARRAYS AND FABRICATION METHOD 
THEREOF AND APPLICATIONS USING THE SAME 

TECHNICAL FIELD 

5 The present invention relates to aspherica! microlens arrays, a 

fabricating method therefor and applications using the same, and more 
particularly to aspherical microlens arrays capable of having a collimating 
function and an angular field of view improved by differently adjusting a 
curvature radius and a conic coefficient, separately, along two orthogonal 
10 axes on a plane surface perpendicular to an optical axis, a fabricating 
method therefor and applications using the same. 

BACKGROUND ART 

In general, a microlens arrays are usually used for a projection 
15 screen which enables a user to see a wide screen by enlarging and 
projecting a tiny image formed in a cathode-ray tube (CRT) or a liquid 
crystal display (LCD) on the projection screen. Also, it is a trend that its 
applicable fields are being gradually extended. 

Figures 1 to 3 illustrate an embodiment of a conventional microlens 
20 arrays applied to the projection screen. That is, Figure 1 is a schematic 
diagram showing a structure of the conventional projection screen Figure 2 
is a front view showing a lenticular microlens arrays of Figure 1 and Figure 
3 is side cross-sectional view taken along a cross-sectional line Ill-Ill. 

As shown in those drawings, the conventional projection screen 
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consists of a microlens array sheet 10 at which a plurality of lenticular 
microlenses 11 are arranged and a Fresnel lens plate 20. The microlens array 
.. sheet 10 includes a substrate 12. for arranging the plurality , of lenticular 
. microlenses thereon; a black matrix lawyer 13 for forming a dear aperture on 
5 the substrate; an optical scattering layer 14 formed of optical scattering 
. particles in order to enlarge an angular field of view; and a protecting film 15 
. formed at one surface of the optical scattering layer 14 as a transparent resin 

film in order to protect the optical scattering layer 14. 
.- And. the Fresnel lens plate 20 consists of a Flesnel lens substrate 21 

10 for supporting a Flesnel's lens 22;. and the. Fresnet's lens 22 symmetrically -, 
formed on the basis of the center of a screen/for performing a function as a . 
OTlljmate lens fpr converging a ojllimated beam. 

. / However, a lens used for the projection screen which uses the 
. . conventional: liquid crystal display or a digital light processor as an image 
15 source,; as can be seen from Figures 2 and 3. is a lenticular microlens 1 1 
• parallel-arranged as. a hemicyliridrical shape. Thus, the lens can collimate 
light only along one axis at which a sphere, has been formed so that it may 
/. have.an angular field of view corresponding to a numerical aperture (NA). with 
respect to a horizontal direction of incident light, while the lens should depend 
20 on an auxiliary equipment such as an optical scattering layer 14 to ensure an 
angular field of view for an axis without a sphere formed. However,, a light 
efficiency of overall optical. system may be degraded and a brightness may be 
also decreased because of a light loss due to a scattering inevitably occurred 
when'using the optical scattering layer 14. Moreover, the addition of the 
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. auxiliary equipment such as the optical scattering, layer 14 may cause an 
increase of costs. 

Figures 4 and 5 illustrate another embodiment of the conventional • 
microlens arrays in order to solve problems of the microlens arrays having the 
5 hemicylinder-shaped lenticular lens. 

Figure 4 is a front view showing an ellipse-shaped spherical microlens 
arraysi and Figure 5 . is a side cross-sectional . view, taken along a- 
cross-sectional line V-V of Figure 4. 

As shown in Figures 4 and 5, the conventional microlens arrays in 
.10 • .accordance with another embodiment include a plurality of ellipse-shaped . 
• . spherical microlenses 31 arranged on a transparent substrate 32. . - .: 

, Unlike the hemicylirider-shaped lenticular lens having a curved surface 
- in one axial, direction on a plane surface perpendicular to an optical axis, 
V since the spherical microlens arrays are formed as curved surfaces along two 
15 orthogonal axes on the plane surface perpendicular to the optical axis, 
: . -considerable , level of angular field of view can be guaranteed and overall. 

. optical efficiency can be improved. 

■ However, , the conventional spherical microlens arrays are- formed 
. V : having a certain curvature radius along the two . orthogonal axes/ According to 
.20 this, a rate, of an angular field, of view therefor according to each axis 
becomes the same! As a result of Ihis, when they are applied to arr optical 
. ' L "'. system such: as a projection screen, a quantity of light more than to. be 
, , ; required is discharged toward a perpendicular . direction of a screen with 
' ' respect to an earth surface, that is. the quantity of light of a horizontal 
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direction of the screen with respect to the earth surface is consumed as much 
as the quantity of the. perpendicular direction, so that brightness of the 
horizontal direction is deteriorated. 

. Moreover, when the conventional spherical microlens arrays are 
.5 applied to an image sensor, an optical integration performance is so low as to 
. degrade sensitivity, resolution and reaction of the image sensor. 

DISCLOSURE OF THE INVENTION 

Therefore, it is an object of the present invention to provide aspherical 
: 10 ' • microlens - arrays capable -of improving an optical efficiency, by differently 
. adjusting a curvature radius and a conic coefficient, separately,: along -two 
orthogonal axes on a plane surface perpendicular to an optical axis, and a 
fabricating method therefor. 

According to another embodiment of. the present invention, there is 
15 provided applications of the aspherical microlens arrays. 

To achieve those objects, there is provided aspherical microlens arrays 
: . -comprising a base and a plurality of aspherical :microlenses arranged on the 

base. . v..-;-./' : . . ' 

According to another embodiment of the present invention, there. is 
20 provided a method for fabricating an aspherical microlens arrays, the method 
comprising:, a first step of fabricating a first mold having spherical groove . 
arrays with different curvature radius, respectively, along two orthogonal axes 
to each other on one surface; a second step of fabricating spherical microlens 
• arrays capable of. elastic deformation using the first mold; a third step. of 
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fabricating aspherical microlens arrays having different curvature radiuses 
and conic coefficients, respectively; along two orthogonal axes on one 
surface by providing elongated force to the. elastically-defomnable spherical 
microlens arrays; , a fourth step of fabricating a second mold having an 
5 aspherical groove arrays, namely, a reversed phase of the aspherical. 

microlens arrays on its one surface; and a fifth step of reproducing the 
• • aspherical microlens arrays using the second mold. 

. According to still another embodiment of the present invention, there is 
provided a projection screen jncludingr an aspherical microlens arrays having. 
10 a. plurality, of aspherical microlenses arranged on the base; a black matrix 
layer formed at an opposite surface to the certain surface of the base at which - 
the microlenses have been formed and having ap. array structure of a clear 
aperture corresponding to the respective microlenses; and a Fresnel's lens 
installed at a position, facing the microlens, for applying collimated beam to 
15 the microlens arrays: ; 

v According to yet another embodiment of the present invention, there is 
prodded an image' sensor including an image . processing unit; and an 
aspherical. microlens arrays coupled to one side of the. image processing unit 
and having a plurality of aspherical microlenses arranged on the base, for 
20 improving a degree of integration of light incident onto the image processing 

unit. ' - : 

Objects and 'configurations of the . aspherical microlens. arrays, the 
fabricating method, therefor and applications using the same according to the 
present, invention will be more precisely understood by a detail explanation 
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'•-with respect to preferred embodiments based on accompanying drawings. 

BRIEF DESCP'PTinN OF T HF HRAWINGS 

' " ■ Figure 1 is a schematic diagram illustrating a structure of a . 
5 conventional projection screen; . 

F.gure 2 is a frbnt view illustrating a conventional microlens arrays 

according to ah embodiment; 

Figure 3 is a cross-sectional side, view, taken i along cross-sectional line 

lll-m of Figure 2; . 

io'W : 'r .Figure 4 is a front view illustrating the conventional microlens arrays •.. 

. "• according to another embodiment; , 
*5V' V £f' Figure 5-is- a side view, taken, along cro^-seciional line V V pf Rgure 

' : ';v: : ^VR9 U re:6.is a perspective view illustrating an aspherical microlens 
: : 15 -arrays in accordance with an embodiment of the present invention; . 

V-;.; Figure 7 'is a side view, taken along cross-sectional line Vl^Vlj of 

-"•.J:.:- '/ Figure 6;'-' • ■ ■ 

\ * V^. Figured is: a skle view, taken along cross-sectional line VHl-VUI of 

.'■y..; .Figure 6;;'- 'V- jV 1 ' ' : ' --'*."' ; ' 

: 2 ^ -1 • ; "figure. 9 is-a perspective view illustrating an. aspherical unit microlens, 

' Accordance wim' an. embodiment of the p]esen^ 

\ > : . Figiire i0 is aside view, taken along cross-sectional line X-X of Figure 
. Figure 11 is a side view, taken along cross-sectional line XI-XI of 
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Figure 9; ' •' 

Figures 12 through 22 illustrate fabrication flows of an aspherical 
.\ microlens arrays in accordance wlith an embodiment of the present inventio 

Figure 23 is a perspective view illustrating the aspherical microlens 

5 . arrays of Figure 22", • - '. 

Figure 24 illustrates a configuration of a projection screen to which an 
, i aspherical microlens arrays in accordance with an embodiment of the present 

invention is applied; 

Figure 25 is a disassembled perspective view of an aspherical 

10 : microlens arrays assembly of Figure 22; and. ,./ V.;; 

V • Figure 26 is a perspective view illustrating an aspherical unit •microlens 
' applied to a projection screen. _ . :- : . : ' ! . . 

- imnnPS FOR Cfi**™* OUT T» P PREFERRED EMBODIMENTS 

15 ; ^ Hereinafter, with reference . to the accompanying drawings, it will , be 
plained in detail of aspherical microlens arrays, , a fabricating method 
• " therefor arid, applications using, the same in accordance, with, preferred 
embodiments of the present invention. 

; .It will be apparent to those skilled in the art that various modifications 
20 arid variations can.be made in the. present invention .without departing from 
. the spirit or scope of the invention. . Thus - it is intended that the present 
invention cover modifications and variations of this invention provided they 
. , come within the scope of the appended claims and their equivalents. 

. It will now be described in detaii about aspherical microlens arrays in 



WO 2005/060362 PCI7KR2004/003425 

.accordance with an embodiment of the present invention with reference. to 

attached drawings. 

Figures 6 through 8 illustrate aspherical microlens arrays in 
accordance with preferred embodiments of the present invention. Figure 6 is 
5 a perspective view showing the aspherical microlens arrays in accordance 
- with an embodiment of the present invention/Figure 7 is a cross-sectional 
side view, taken along cross r sectionai line VU-VIl of Figure 6, and Figure 8 is 
.a .cross-sectionai side view, taken along cross-sectional line VI It-VHI of Figure . 

to ' V Also; Figure 9 illustrates a unit microlens ; in., accordance with an; . 
. . • • embodiment of the. present invention, Figure I P , is. a side view, taken along : 
•^^cross-sectional line X^^ 

view, taken along cross-sectional line XI-XI of Figure 9. 

As shown in those drawings, an aspherical microlens arrays 100 in 
l| • accordance with an embodiment of. the present invention; includes a base 120 
v / : and a plurality.of aspherical microlenses .1 10 arranged on the base 120. 

A thickness of the base 120 depends on a . focal length of coliimated 
.5 -beam concentrated by a curved surface of the aspherical microlens 1 10. ■ 

In addition^ the base is preferably formed of a transparent resin to 
20 transmit beam, and it.can be formed. of glass. .. - • 

. . As shown in Figures S and 10. the aspherical microlenses 110 have 
. different curvature radiuses and conic coefficients, respectively, along two 
' axes (a direction of X-X and a direction of XI-XI of Figure 9) orthogonal to 
each other on a base '120 perpendicular to an optical axis. That is, the 
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[ .aspherical microlens .1 10 has different curvature radiuses Rx and Ry, and 
also has different conic coefficients Kx and Ky along the two orthogonal axes. 

In. more detail, the aspherical ,microlens 1 10 is formed jn a prolate 
ellipse shape of which conic coefficient takes the range between -1 and 0 
5 (zero) along one axis of the two orthogonal axes, while it js fornied in an 
oblate spheroid shape of which conic coefficient is more than 0 (zero) along 
. another axis orthogonal to the one axis. 

That is, in the microlens 110, the Curvature radius is independently 
adjusted respectively along the orthogonal axes, so that the angular field of 
:10 iview can be optionally adjusted. . 

" ; Similar to this, because the microlens 110 is formed. to have different 

! . .' aspherical ; coefficients; respectively . along orthogonal - axes, : a spherical 
V.: aberration can be reduced compared with the conventional spherical ; 

microlens, concentration efficiency can be enlarged, and a numerical aperture 
15 (NA) of lens can be optimized according to each direction of an angular field 
i' . of view: 

- . ;: These plurality of aspherical microlenses 110 are arranged on the 
v. base 120 having a certain thickness.. At this time, the aspherical microlens 
; i 10 can be formed separately from.or integrally with the base 120. 
2.6 ... : In addition, a size of the aspherical microlens 110 is determined by a 
minimum .expression resolution of a picture display device, a size;of the 
* . microlens 1 10 is defined ata range of several micrometers through hundreds 
; \ of micrometers in a direction of . a diameter of lens, and a sag height of the 
microlens 110 is relative to the diameter thereof. In particular, in case of a 
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projection image display device using a liquid crystal display (LCD) or a digital 
.. light processor . (DLP) as * an - image source, the . smaller the aspherical 
microlens 110 is the: more a screen deterioration effect such as a Moire 
interference pattern can be decreased, so that it is preferable to fabricate a 
• 5 : size of the aspherical microlens 110 as small as possible, . : 

Here, the plurality of microlenses 110 are preferably arranged on. the 
. base to have a hundred percent of packing fraction. That is, preferably, the 
. aspherical microlenses 110 are closely packed and arranged together in 
. .. Torder not to make arty space therebetween. In addition, it is possible to form 
^10 ; ; ;;an additional film having a certain ..thickness on the aspherical microlenses 
:>,l; >110 for filling an interval; therebetween. 

A footprint shape of the aspherical microlens 110;. on the other hand, is 
■ preferably one of a triangle, a square and a hexagon. ; : 

in addition, the aspherical microlenses 11 Q are preferably.arranged as 
.15. a honeycomb shape on the base 120 but it Is also possible to arrange them to 
bfe orthogonal togethier, ; . \ . * 
; ' :. Hereinafter, it will.. be described about . a method .for .fabricating an 
)>: aspherical. microlens arrays in accordance with an embodiment of the present 

•r^, .^invention. ['•". . : . < - : : - .\ '' • 

V. Figures 12 through .21. illustrate a method for fabricating an aspherical 
> Vmicrotens arrays in accordance with- an embodiment, of the. present invention . 
;H ■ as shown in those drawings, a method for fabricating, an aspherical 
. - . ' microlens arrays in accordance with an embodiment of the present invention 
: includes: a first step of fabricating a first mold 300 having a spherical groove 
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arrays 310 with respectively different curvature radiuses along two orthogonal 
axes on a certain surface (refer to Figures 12 through 14); a second step of 
fabricating an elastically-deformable spherical microlens arrays 400 by using: 
the first mold 300 (refer to Figures 15 and 16); a third step of fabricating an 
5 .aspherical microlens .arrays 500 having respectively different curvature 
" ••; radiuses Rx and Ry and conic coefficients Kx and Ky along the two 
orthogonal axes on the certain surface by providing elongated force to the 
; . elastically-deformable spherical microlens arrays 400 (refer to Figure 17); a 
fourth step of fabricating a second mold 600 having on its certain surface an 
10 aspherical groove arrays 610 which is a reversed phase of. the aspherical . 
ClV mfcrojens^ irrays 500 (refer to Figures ,-18 and 19); . and a fifth step of 
• reproducing the aspherical microlens; arrays 100 by usingthe second mold 
r ■:■■[. 600 (refer to Figures 20 through 23). },;■ '. \; 

; .• ' .. Ea^j step wili be explained In.more'detaitas follows. . .. 
15 • : . The first step of fabricating the first mold 300 includes the steps of. 
-.. v fabricating a>pherical microlens arrays : 200,ori which spherical microlenses 
. 21 1 paving different curvature radiuses, respectively,, along two orthogonal 
? i - axes On a certain plane surface of the. base 220 are. arranged (refer to Figure 
yi. . V12); fabricating the first mold 300 having the. spherical groove shape 310 
\ which ; is the reversed phase of the spherical microlenses 211, by plating a 
■*.'"/ •' metal on a certain surface of the base 220 on which the spherical microlenses 
'/- "' .. 211. are formed (refer to Figure 13); and releasing; or removing the spherical 
microlens arrays 200 from the first mold 300 (refer to Figure 14). .; 

Here, the spherical microlens arrays 200 are generally fabricated as 
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follows. That is, after coating a photoresist or a photosensitive polymer on the 
base 220, a process for patterning a microlens arrays shape is performed 
. through ' a lithography technology.. Thereafter, . a spherical shape of the 
microlens 21.1 is adjusted depending on a reflow technology using a thermal'. 
; 5 processing. Also, in addition to the lithography technology, other technologies 
. can be used to fabricate the spherical microlens arrays. ^ 

On the other hand, nickel is preferably used as the metal to be plated, 
namely, a material of the first mold 300, and a seed layer is preferably first 
deposited prior to plating. 
10 \ \ Furthermore, . the second . step . includes, the steps of: forming ' an . 
elasticaljy^eformable . resin layer ' -405 on one : surface .. of . the= 
.ela^caliy-deformable base. 420; compressing the. resin layer 405 on one 
surface of the . first mold 300 at which the spherical groove arrays 310 has 
formed and. jthus forming spherical micrblenses 410 on the resin layer 405; / 
15 hardening the/ resin layer 405 on which the spherical microlenses.410 have 
been formed through an ultraviolet applying or a heating; and, releasing the . 
-'• spherical microlens arrays 400 from the first mold 300. . 
: -J \ .. .On the other hand, in the. third step, once providing . elongated force 
. ..toward. a certain axial direction (namely, XI-XT direction of Figure. 9). at !the 
20: base of the eiastically-transformable spherical microlens arrays 400, 
.. compression, force is provided toward an .axial' direction orthogonal to the 
certain axial direction. At this time, each spherical microlens has different 
curvature radiuses Rx and Ry and~.different conic/ coefficients Kx.and.Ky 
depending on the two orthogonal axes, and accordingly the aspherical 
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. microfens arrays 500 formed of the elastic resin is fabricated. . ' ^ 

In general, in an elastic, solid, a ratio of an elongated strain by an 
external elongated force applied fo a specific direction, arid a constrictional 
y strain, induced to another axial direction orthogonal to. the specific direction 
5 corresponding to the elongated strain ;is called as Poisson's Ratio. This 
- \ Poisson's Ratio is ajso applied to the case . of deforming the spherical 
microlens arrays 500 .formed of an eiastically-deformable material by the 
external elongated force, That is, in the process for; deforming it to an 
aspherical shape by the eternal elongated force as described in the third 
10 \step, a certain elongated strain is generated by having an elastic coefficient, 
- namely, a material feature of a fine structure such as the base 520 and the. 
* microlens 51.0, as a proportional constant. ln„other words,; corresponding; to 
«'.\..-the elongated strain of the base 520, the elongated strain of the microlens 
; : v v .:410 having, a certain , curvature radius along the direction (namely, Xl-XI 
15 : ; .- direction of Figure 9) on which the elongated force is acted is also generated. 

: Thus, * the microlens ^410 can have new' curvature radius' Ry and conic 
;'*J.;;')".ccief!iclent Ky along the direction (namely; Xl-XI direction of Figure 9)., Here, 
: r " .Ky is greater than zero/ Also, simultaneously therewith, a shrinkage stress is 
.acted" along a direction; (namely, X-X direction of Figure 9) orthogonal to the 
20. i direction (Xl-XI direction of Figure 9) on" which , the elongated force is acted, 
: and accordingly a constrictional strain is also carried out for the microlens 41 0 . 
V having the certain curvature radius along the. direction (X-X. direction). As a 
' result, . the . microlens 41 0 . can have .new . curvature radius Ry and conic 
. coefficient Kx along the direction (X-X direction). Here, Kx is greater than -1 
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and smaller than zero. .." >■;. 

At this time, a size of the conic coefficient is determined relatively to a 
degree of the elongated strain and the constrictional strain. That is, the. 
.. aspherical shape of the microlens 510 can be deformed to correspond to 
. . 5 * various ranges of numerical aperture (N A) by having a reproductivity within an , 
elastic deformation ilimit of a material forming the initial ^elastic spherical 
v microlens. arrays 500 and by adjusting a degree of its deformation. 

The fourth step, on the other side, includes the steps of: plating a metal 
: \ ^ on the aspherical microlens arrays 500 fabricated through the third step and 
10;-; - accordingly fabricating a. second, mold which a reversed phase of the 
'aspherical mjcrolenses is transcribed on- one surface thereof; and releasing 
■:. l*''b 'tt^'w^n^^'^^ 3 -^ 1 ^^ 8 50Ci from the second mold. >; . ; 

Nickei is used as the metal. to be plated, it is preferable to deposit the 
seed layer first before plating. : . . - 

;15 K . . Furthermore, the. fifth step includes the steps of: forming a molding 
'•>"; r*; layer 109 on. a certain surface of the base 120; compressing the molding layer 
; £.109 on a certain surface, of the second, mold 600 . on /which the aspherical 

• ' : ".-groove arrays 610 has; been formed and accordingly forming aspherical 
: }: ^/i/rnicroienses-lll on the molding layer 109; hardening the molding layer 109 

• 20 ;/ .on which the aspherical microienses 111 have formed through an ultraviolet 

;f.\^WW n 9 or .a. heating; and releasing the aspherical : microlens . arrays .100 from 
• .the second mold 600. . 

\ That js, it .is possible. : to reproduce the. same shape of " : aspherical 
. microlens arrays 100 by repeating the fifth step using the second mold 600. 
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On the other sicte, the base 120 of the aspherical microiens arrays 100 
_ -and a refractive index of the microlenses 111 can be varied by applying 
. -appropriate materials suitable for an opticai characteristic to be required! 
■ Preferably,, transparent resin or glass can be usually used as the material. 
1 5 Hereinafter, it will be described about.applications using the aspherical 

microiens arrays in accordance with an embodiment of the present invention. ' 

Figure 24 is a schematic diagram illustrating a projection screen to 
which the aspherical microiens arrays in accordance with an embodiment, of. 
-the present invention is applied, Figure 25 is a disassembled perspective view 
10 illustrating an aspherical microiens arrays assembly applied to. a projection: 
screen, and Figure 26 is. a perspective view.illustrating an .aspheriral unit 
y : microiens applied;to the projection screen. y . •':> '*.:-"/■ 

. As shown in those 4 drawings, a projection screen to which the 
aspheripal microiens. arrays in accordance with an embodiment of the present 
15. . ; invention is applied includes: an aspherical microiens arrays 800 having a 
plurality of aspherical; microlenses 810 arranged on the base 820; a blade, 
; matrix layer 870 formed on an opposite surface to the one surface of the base 
: v820 on which the microlenses. 810 have been formed and having an arrays 
;\/; ' structure of a clear aperture 872 corresponding to the respective microlenses 
20 . f ; / :\82'0; and. Fresnel'is lenses 900 installed at a position: facing the microlenses^ 
. ,81.0, and accordingly transcribing collimated beam i to . the microiens arrays * 
;; ; v ;^80d ■ 

Here, the aspherical microiens arrays 800 is the same as the 
aspherical microiens arrays 100 of the present invention in its structure and 
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characteristics so as to omit a detailed explanation thereof. 

■ The black matrix layer 870 consists of a plurality of clear r apertures 872 
- formed at a circumference of an optical axis Z and a light cutoff portion- 871 
formed of an opaque black matrix surrounding the clear apertures 872. 
.5 "* . The. black matrix layer 870 is formed by the following processes. 

. That is, a photosensitive black matrix is formed, on the : other surface of 
the base 820 surface on which the aspherical microlens 810 has been formed 
by performing a lamination and a coating. Thereafter, when coliimated light is 
applied onto a curved surface of the aspherical microlens 810, . 1he light 
10 refracted when it passes ' through ; the aspherical . microlens .81 0> : is" 
: : . concentrated into a circumferential area of the optical axis Z. As. a result, the 
; . part of the area is exposed. In addition,, if a part of the black matrix which has 
been exposed and then deformed is removed by such a development, the 
: "clear apertures 872 are formed, to which the coliimated light incident on the 
is microlens 110 is then transmitted. At the same time to this, the remaining 
parte without being removed at the developing, process become the light 
: f % cutoff portion 871, ' "..-V ..• , ' " -* ■ •-; \ r ■ ' :: /. 

4 The fabricating method for the • clear apertures 872 takes a 
• > self-alignment system. Accordingly; /unlike . the. conventional system for 
20 /assembling the aspherical microlens arrays. 800 and a clear aperture arrays . 
• layer, there fe not required for ah additional alignment process! It is thus 
^advantageous to reduce costs required for the fabricating processes and to 
. simplify the fabricating processes. 

The projection screen to which the aspherical microlens arrays 800 of 
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■ the present invention is : applied, as aforementioned, can adjust a conic 
coefficient; of the microlens 810 depending on. directions horizontal and 
: .perpendicular to an earth/surface. That is, the conic coefficient of the 
microlens 810 is adjusted between -1 and zero along the horizontal direction 
. 5 so as to enlarge a. refracting, angle, namely, the numerical aperture (NA). In 
response to this, the angular field of view can be widened. Furthermore, the 
conic, coefficient is adjusted greater than zero along the perpendicular 
direction so as to make the refracting angle.; namely, the conic coefficient 
' ■ small. According to this, it is possible to ensure an angular field of view as 
10; .'much as being. required toward the perpendicular direction. As a result, it is 
possible to guarantee a. certain angular field of view in the perpendicular . 

ft^'b^^ees'bf the horizontal direction, namely, deterioration of the brightness. 
'■' " ; .; a Moire interference pattern, or the like. 

15 That is, compared with the conventibnal spherical microlens arrays, it 

•'is advantageous to reduce a spherical aberration, increase a concentration 
j-'i'. efficiency; optimize the angular field of view of the directions horizontal and 
''■•?';. . perpendicular to the earth surface and improve an optical efficiency, contrast 

^'":'^'-',and resolution. ■■■/■[ ■ ■ 

"20 V . On:. the other hand, the projection screen to which the asphericat 

X- microlens arrays according ta'tHe present invention. is applied further, includes 
an optical scattering layer 880 in. order to. degrade deterioration of image 
:j quality due to an increase of an additional angular field of view and glittering. 

The optical scattering layer 880 is bonded to. one surface of the black 
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matrix layer 870 on. which the dear aperture 872 is formed. 

".' However, the optical scattering layer 880 does not have to be installed 
: . additionally because a sufficient angular field of view can be ensured by the 
: . aspherical microlens arrays 800 and the deterioration of the image quality can 

5 be prevented. 

Also, the projection screen further includes a supporting layer 890 for 
, increasing stiffness of the screen and protecting components such as the 
microlens arrays 800 from the external impact 

The supporting layer 890 is bonded to one surface of the black matrix 
10 .-layer. 870 or the optical scattering layer 880, and it is alsp.preferably formed of 
- ■ ! $ - -a transparent material to enable light.to.be transmitted.. , r . 
'•'iB^'j' . : ^/Hereinafter, -if will be described. about; an image sensor to which the 
'■. aspherical microlens arrays in accordance with an embodiment of the present 

;i-';.-;' ; ;;.tevenfion;Js applied. •'••.:;.'=■ ";.••. ..' 
IS. I ' V. The 'image sensor, refers. to v an . apparatus for. detecting subject 

■ , . - ^information and converting, it into an electrical video signal. . 
. : f t - Although not shown in- drawings, the image sensor, to which the 

' .asphericar microlens arrays according to the" present, invention is applied. 
■jr includes: an image processing unit; and an aspherical microlens arrays 
.20 "c ■-.coupled, to one side, of the image processing unit and having a plurality of 
-. [ asphericai mjcroienses arranged on the . base, for . improving a degree -of 
.. Integration of fight incident onto the image processing unit- 

: .That is r the microlens arrays is alignedly-bonded to;an imaging device 
in order for a focusing area of each lens of the aspherical microlens arrays to 
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.be. included' irr "a light receiving portion df the imaging device of the image 
: . ; processing unit so as to converge light applied to other areas rather than to 
: -the focusing area of the imaging device, to the focusing. area. As a result of 
• : . this it is possible to improve an optical efficiency and sensitivity of the.image 

■ 5 sensor. : • . ; . ■ - f ..." ' 

Here, the aspherical microlens arrays has. the same structure and 
^ characteristics. as the aspherical microlens arrays 100 in accordance with the . 
. ' .embodiment of the present invention, so . that a detailed explanation thereof : 
. , . will be omitted. ■ ' " ' 

10 • . .Additionally, as the image sensor.to which the. aspherical microlens 
: . Varrays,according to the present invention is applied,; there are a bolometer 
j^f -arrays; ' arr. : infrared ^imager, a charge .coupled 1 device - rf (CCD) of ia ' 



4 //-.'.'J'. FurtheiTnore, the aspherical microlens arrays. according to the present 
.15 -invention may be applied to other various image sensors. : ': 

p'-;2 :■'[ Accdrdingly; if is advantageous to improve sensitivity and resolution of 
C'" ; SW"image sensor by applying the aspherical microlens arrays according to 
•'■ ; ./5- v the present invention to the image. sensor ^ . . . 

h X- •:' ' y As 'stated so .far, the aspherical ^.microlens arrays' according to. We 
i;io V;;prieht Inyentto 

^H'-v.-w^nt'atona orthogonal axes. on a plane surface, perpendicular. to the 
■! >V ■^"optical axis - In response to this, a degree- of ^ infraction of an. optical systeni, 
. V->.V^AV : n^^);«NPertW;fe easily adjusted according to each axial 
' direction, and a spherical aberration /. is decreased, and concentration 
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efficiency is increased with comparison- to the conventional spherical 
microlens arrays. . ■ ; 

In addition, in the aspherical microlens arrays according to the present 
invention, a certain elongated force is provided to the spherical microlens 
5 arrays, by which a mold is fabricated. By using the mold, a mass reproduction 
of the aspherical microlens arrays can .be facilitated,, and accordingly ; 
fabricating costs will, be reduced. / : / 
Furthermore, if the aspherical microlens ; arrays according to the 
. present invention is. applied to the projection screen, it is possible to optionally 
10:. adjust the angular field of. view of directions, perpendicular and horizontal to 
the. earth surface and to optimize an optical' efficiency: That is, it is possible to 
'■;>: ensure a certain, angular field of view ; ih a perpendicular -diredign without 
. ..deterioration of image quality due to reduction Qf brightness of a horizontal 
- . direction; namely, deteribratkm of brightness, "a Moire interference pattern or 
15 . the - like by adjusting the curvature radius and conic coefficient of the 
aspherical microlens .along the perpendicular and horizontal directions. 
; According to this, /contrast and resolution can be also improved., . . \ 
' i? . ; In addition, because th^ aspherical microlens arrays according to the : 
present invention is applied to the projection screen, the optical ..scattering 
20 /.layer does not have to be installed. for degrading an increase of an additional 
angular field of view and the deterioration of image quality.' As a. result of this, 
it is available to minimize the projection screen and reduce costsf 

Moreover, the aspherical microlens arrays can be, minimized, which is 
advantageous to improve resolution. In response to this, it is possible to 
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easily correspond to a high definition of a display. 

. The aspherical microlens arrays according to the present invention, can 
be coupled to the light receiving portion . of the imaging device of the image / ; 
sensor such as the charge coupled device (CCD) or the complementary metal 
5- oxide semiconductor (CMOS), or the imager . array, and accordingly it is 



possible to improve the optical efficiency; sensitivity and resolution of the 
. ' y image sensor. . 




